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January 23, 2008 
 
 
City of Baltimore 
Abel Wolman Municipal Building 
Department of Public Works 
200 N. Holliday Street, Rm 204 
Baltimore, MD  21202 
 
ATTN:  Mr. Joe Kostow 
   
RE:  Swann Park Renovation 
  Stormwater Management Letter of Explanation 
  RK&K Comm. No. 107076-01 
 
Mr. Kostow: 
 
On behalf of our Client, Baltimore City Department of Recreation and Parks (DRP), we 
hereby submit the Swann Park Renovation project for stormwater management review 
and approval.  Our submission is comprised of the following: 

1. Letter of Explanation, (2) copies. 
2. Stormwater Management Plans (2 sheets), (2) copies. 
3. Stormwater Management Calculations, bound, (2) copies. 

 
Swann Park is located in the shadow of I-95, at the end of West McComas Street.  
The 10.86 acre property is currently closed off to the public due to discovery of arsenic 
contamination.  Prior to shut-down, the park provided various ball-fields for general 
public and City-School use.  Through the combined efforts of Honeywell (former 
property owner) and DRP, and under mandates from MDE, the park will be cleaned 
up and rebuilt.  Honeywell will provide arsenic remediation in the form of a soil cap.  
DRP will provide recreational improvements, including softball, baseball and football 
fields, walking paths, restroom facilities and associated amenities. 
 
Under separate cover, Honeywell and their engineering consultant, are responsible for 
obtaining from the City various project approvals including, but not limited to, Erosion 
and Sediment Control approval, a Floodplain Variance, and approval of a re-built 
storm drain system. 
 
As before-mentioned, this submission is solely for stormwater management review 
and approval.  As substantiated by the attached plans and calculations, Baltimore City 
Stormwater Management Regulations shall be met as follows: 
 
On-site SWM Quality Control:  
The proposed project is classified as “redevelopment”.  As such, 1.01 acres of the 
post-construction 1.11 impervious acres is subject to water quality requirements.  Two 
(2) swales have been designed to meet grass channel credit requirements and will 
provide the quality control for 0.74 acres (74%) of impervious.   
 
Off-site SWM Mitigation: 
Approval of offsite mitigation for the remaining 0.27 acres (26%) of impervious 
requiring water quality control is requested.  DRP proposes to remove 0.27 acres of 
existing pavement at a to-be-determined off-site location.  On-site management of the 
remaining 0.27 acres is not feasible.  Adequate clearance from the contaminated and 
capped soil can not be obtained without raising the site higher than currently 
proposed.  Raising the site higher than currently proposed would prohibit the ability to 
provide proper geometry for the ball fields.  Even if grade were not an issue, the 
minimal remaining open space is needed for recreational purposes. 



      
Mr. Joe Kostow                                        Rummel, Klepper & Kahl, LLP  
Date Jan. 23, 2008 
Page 2 
 

 
Waiver of Groundwater Recharge: 
A waiver of groundwater recharge requirements is requested.  It is not desirable to recharge groundwater 
supplies by running stormwater through contaminated soil. 
 
Waiver of SWM Quantity Control: 
A waiver of the stormwater management quantity control requirements for this project is requested 
pursuant to Subtitle 23-1(1) of the Baltimore City Stormwater Management Ordinance.  The Subtitle 
exempts quantity control requirements when the site directly discharges to tidal waters; as is true for the 
Swann Park site.   
 
Please provide approval of the on-site stormwater management quality control measures, approval of the 
off-site SWM mitigation proposal, a waiver of Groundwater Recharge requirements, and a Waiver of 
SWM Quantity Control requirements.  If you have any questions concerning the above, please do not 
hesitate to contact me. 
 
Sincerely, 
 
Rummel, Klepper & Kahl, LLP 
 

Robert A. Filippi 
 
Robert A. Filippi, RLA 
Senior Landscape Architect  
 
cc.  Gennady Schwartz, Baltimore City DRP 
 
X:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Letter of Explanation.doc 

 
 
 

 



 

 

 
STORMWATER MANAGEMENT CALCULATIONS  

 
 
 
 
 
 

Swann Park Renovation 
201 West McComas St. 
Baltimore, MD  21230 

 
 
 

 
January 23, 2008 

 
  

Prepared For: Prepared By: 
Baltimore City Dep. of Recreation and Parks 

2600 Madison Ave. 
Baltimore, MD  21217 

Attention of Gennady Schwartz 

Rummel, Klepper & Kahl, LLP 
3512 Concord Rd. 
York, PA  17404 

Phone: (717) 600 - 2220 
 

  
           



Swann Park Renovations Stormwater Management Calculations 
  
 

  

  
 
 
 
 

Water Quality Summary Sheet 
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Swann Park Renovations Stormwater Management Calculations 
  
 

  

Grass Channel Credit Calculations 
 

Swale A  
(Drainage Areas A1-A2) 



Rummel, Klepper & Kahl, LLP Job No.: 107076-01
3512 Concord Rd
York, PA  17402
Phone: (717) 600-2220 Project: By Date
Fax: (717) 600-2421 Location: Computed raf 01/23/08
www.rkk.com Study Point: Checked

Drainage Areas A1-A2

1.  Compute Runoff Coefficient (Rv)

3.48 acres Cover
13% Impervious 0.44 acres
0.167 Grass 3.04 acres
1.0 inch Total 3.48 acres

0.0484 acre-feet Rv = 0.05 + 0.009(I)
2108 cubic feet WQv = [(A)(Rv)(P)]/12

2.  Compute Curve Number for 1" Storm (Small Storm Hydrology Method, Appendix D.10 of SWM Manual)

P = 1.0 inch
Rv = 0.167 Rv = 0.05 + 0.009(I)
Qa = 0.167 watershed inches Qa=P x Rv

Therefore CN = 85 CN =1000/ [10 + 5P + 10Qa - 10(Qa2 + 1.25QaP)1/2]

3.  Compute Time of Concentration (Tc) for 1" Storm (Using TR-55)

a. Compute Max. Swale Velocity (using max. swale depth)

Mannings Coefficient (n)= 0.035
 Max. Depth = 1.5 ft

Bottom Width = 4 ft
Side Slope = 3 to 1

Longitudinal Slope = 1.1            %
Velocity = 4.29          fps See Flowmaster Worksheet "Trial Swale A"

b. Compute Full Flow Velocity of Culvert
Pipe Type  = circular cmp

Mannings Coefficient = 0.024        
Pipe Size = 18 in.

Velocity = 3.38 fps See Flowmaster Worksheet "Culvert A - Full Flow"

c. Compute Time of Concentration (Tc)
Tc = 0.270 mins See WinTr55 Worksheet "Grass Channel 

Credit - 1 in Storm"

Area
Percent Impervious (I) =

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale A

Drainage Area (A) =

Rainfall Depth (P) =
Water Quality Volume (WQv) =

Runoff Coefficient (Rv) =

Page 1 of 3



Rummel, Klepper & Kahl, LLP Job No.: 107076-01
3512 Concord Rd
York, PA  17402
Phone: (717) 600-2220 Project: By Date
Fax: (717) 600-2421 Location: Computed raf 01/23/08
www.rkk.com Study Point: Checked

Drainage Areas A1-A2

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale A

4.  Compute Peak Discharge for 1" Storm (Using TR-55 Graphical Peak Discharge)

Curve Number (CN) = 85
Drainage area (A) = 3.48 acres

Time of Conc. (Tc) = 0.270 mins

Therefore Peak Discharge (Qp) =  0.58 cfs See WinTr55 Worksheet "Grass Channel 
Credit - 1 in Storm"

5.  Compute Actual Swale Velocity for 1" Storm

Peak Discharge (Qp) = 0.58 cfs
Mannings Coefficient (n)= 0.15 Mannings (n) solved by trial and error w/ depth (d) in inches

Bottom Width = 4 ft for d<=4" n=0.15 
Side Slope = 3 to 1 for 4"<d<12" n=0.207-0.0145 x d

Longitudinal Slope = 1.1            %

Therefore for 1" Storm:
Actual Depth (d) = 0.29 ft See Flowmaster Worksheet "Actual Swale A - 1 in"

Actual Velocity = 0.41          fps See Flowmaster Worksheet "Actual Swale A - 1 in"

6.  Compute Time of Concentration for 10 yr Storm (Using TR-55)

a. Compute Max. Swale Velocity (using max. swale depth)
Velocity = 4.29          fps See calculation 3.a above

b. Compute Full Flow Velocity of Culvert
Velocity = 3.38          See calculation 3.b above

c. Compute Time of Concentration (Tc)
Tc = 0.270 mins See WinTr55 Worksheet "Grass Channel 

Credit - 10 Yr Storm"

Page 2 of 3



Rummel, Klepper & Kahl, LLP Job No.: 107076-01
3512 Concord Rd
York, PA  17402
Phone: (717) 600-2220 Project: By Date
Fax: (717) 600-2421 Location: Computed raf 01/23/08
www.rkk.com Study Point: Checked

Drainage Areas A1-A2

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale A

7.  Compute Peak Discharge for 10 yr Storm  (Using TR-55 Graphical Peak Discharge)

Curve Number (CN) = 77
Drainage area (A) = 3.48 acres

Time of Conc. (Tc) = 0.270 mins

Therefore Peak Discharge (Qp) =  11.36 cfs See WinTr55 Worksheet "Grass Channel 
Credit - 10 Yr Storm"

8. Compute Velocity for 10 yr Storm

Peak Discharge (Qp) = 11.36 cfs
Mannings Coefficient (n)= 0.035

Bottom Width = 4 ft
Side Slope = 3 to 1

Longitudinal Slope = 1.1            %

Therefore for 10 Yr. Storm:
Actual Flow Depth (d) = 0.68 ft See Flowmaster Worksheet "Actual Swale A - 10 yr"

Available Swale Depth = 1.00 ft Depth of swale at most shallow point

Freeboard = 3.8 in Min. required by SWM Manual, Sect. 3.5.2, is 3"

Actual Velocity = 2.78          fps See Flowmaster Worksheet "Actual Swale A - 10 yr"

K:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale A\Grass Channel Credit - A.xls

Page 3 of 3



Trial Swale A
Worksheet for Trapezoidal Channel

x:\...\task01-swann\site\swm\swale a\swale a.fm2
01/21/08  09:49:06 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]

Page 1 of 1

Project Description

Worksheet Trial Swale A
Flow Element Trapezoidal Cha
Method Manning's Formu
Solve For Discharge

Input Data

Mannings Coeffic0.035
Channel Slope 0.011 ft/ft
Depth 1.50 ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft

Results

Discharge 54.68 cfs
Flow Area 12.8 ft²
Wetted Perime 13.49 ft
Top Width 13.00 ft
Critical Depth 1.30 ft
Critical Slope 0.020 ft/ft
Velocity 4.29 ft/s
Velocity Head 0.29 ft
Specific Energ 1.79 ft
Froude Numbe 0.76
Flow Type Subcritical



Culvert A - Full Flow
Worksheet for Circular Channel

x:\...\task01-swann\site\swm\swale a\swale a.fm2
01/21/08  09:50:09 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]

Page 1 of 1

Project Description

Worksheet Culvert A - Full Flo
Flow Element Circular Channel
Method Manning's Formul
Solve For Full Flow Capacity

Input Data

Mannings Coeffic0.024
Channel Slope 0.011 ft/ft
Diameter 18.0 in

Results

Depth 1.50 ft
Discharge 5.97 cfs
Flow Area 1.8 ft²
Wetted Perime 4.71 ft
Top Width 0.00 ft
Critical Depth 0.94 ft
Percent Full 100.0 %
Critical Slope 0.021 ft/ft
Velocity 3.38 ft/s
Velocity Head 0.18 ft
Specific Energy 1.68 ft
Froude Numbe 0.00
Maximum Disc 6.42 cfs
Discharge Full 5.97 cfs
Slope Full 0.011 ft/ft
Flow Type N/A



                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     raf                                    Date:        1/21/2008
Project:  Swann Park                             Units:       English
SubTitle: Grass Channel Credit - 1 in Storm      Areal Units: Acres
State:    Maryland
County:   Baltimore
Filename: X:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale A\TR55 - Grass Channel A - 1 in strm.w5

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Swale A       Beginning to Bay         Outlet          3.48        85    0.270     

Total area: 3.48 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    3.2         4.2         5.1         5.5         6.3         7.1         1.0     

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type II
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:11:07 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       1-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Swale A         0.58

REACHES

OUTLET          0.58

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:11:07 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Swale A   
  SHEET          100   0.0150     0.150                                    0.183
  SHALLOW        160   0.0100     0.050                                    0.028
  CHANNEL        870                                            4.290      0.056
  CHANNEL         40                                            3.380      0.003

                                                 Time of Concentration     0.270
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:11:07 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Swale A   CN directly entered by user                 -          3.48        85 

          Total Area / Weighted Curve Number                       3.48       85 
                                                                   ====       ==

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:11:07 AM 



Actual Swale A - 1 in
Worksheet for Trapezoidal Channel

x:\...\task01-swann\site\swm\swale a\swale a.fm2
01/21/08  09:51:28 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]

Page 1 of 1

Project Description

Worksheet Actual Swale A - 1
Flow Element Trapezoidal Chan
Method Manning's Formul
Solve For Channel Depth

Input Data

Mannings Coeffic0.150
Channel Slope 0.011 ft/ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft
Discharge 0.58 cfs

Results

Depth 0.29 ft
Flow Area 1.4 ft²
Wetted Perime 5.85 ft
Top Width 5.76 ft
Critical Depth 0.08 ft
Critical Slope 0.768 ft/ft
Velocity 0.41 ft/s
Velocity Head 0.00 ft
Specific Energ 0.30 ft
Froude Numbe 0.14
Flow Type Subcritical



                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     raf                                    Date:        1/21/2008
Project:  Swann Park                             Units:       English
SubTitle: Grass Channel Credit - 10 yr Storm     Areal Units: Acres
State:    Maryland
County:   Baltimore
Filename: X:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale A\TR55 - Grass Channel B - 10 yr strm.w

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Swale A       Beginning to Bay         Outlet          3.48        77    0.270     

Total area: 3.48 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    3.2         4.2         5.1         5.5         6.3         7.1         1.0     

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type II
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:55:08 AM 



raf                               Swann Park
                      Grass Channel Credit - 10 yr Storm
                          Baltimore County, Maryland

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach      10-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Swale A        11.36

REACHES

OUTLET         11.36

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:55:08 AM 



raf                               Swann Park
                      Grass Channel Credit - 10 yr Storm
                          Baltimore County, Maryland

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Swale A   
  SHEET          100   0.0150     0.150                                    0.183
  SHALLOW        160   0.0100     0.050                                    0.028
  CHANNEL        870                                            4.290      0.056
  CHANNEL         40                                            3.380      0.003

                                                 Time of Concentration     0.270
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:55:08 AM 



raf                               Swann Park
                      Grass Channel Credit - 10 yr Storm
                          Baltimore County, Maryland

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Swale A   Open space; grass cover > 75%       (good)    C          3.04       74 
          Paved parking lots, roofs, driveways          C           .44       98 

          Total Area / Weighted Curve Number                       3.48       77 
                                                                   ====       ==

WinTR-55, Version 1.00.08 Page  1 1/21/2008 9:55:08 AM 



Actual Swale A - 10 yr
Worksheet for Trapezoidal Channel

x:\...\task01-swann\site\swm\swale a\swale a.fm2
01/21/08  09:52:47 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]

Page 1 of 1

Project Description

Worksheet Actual Swale A - 10
Flow Element Trapezoidal Chann
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic0.035
Channel Slope 0.011 ft/ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft
Discharge 11.36 cfs

Results

Depth 0.68 ft
Flow Area 4.1 ft²
Wetted Perime 8.28 ft
Top Width 8.06 ft
Critical Depth 0.55 ft
Critical Slope 0.025 ft/ft
Velocity 2.78 ft/s
Velocity Head 0.12 ft
Specific Energ 0.80 ft
Froude Numbe 0.69
Flow Type Subcritical



Swann Park Renovations Stormwater Management Calculations 
  
 

  

Grass Channel Credit Calculations 
 

Swale B  
(Drainage Areas B1-B3)  



Rummel, Klepper & Kahl, LLP Job No.: 107076-01
3512 Concord Rd
York, PA  17402
Phone: (717) 600-2220 Project: By Date
Fax: (717) 600-2421 Location: Computed raf 01/23/08
www.rkk.com Study Point: Checked

Drainage Areas B1-B3

1.  Compute Runoff Coefficient (Rv)

2.61 acres Cover
13% Impervious 0.34 acres
0.167 Grass 2.27 acres
1.0 inch Total 2.61 acres

0.0363 acre-feet Rv = 0.05 + 0.009(I)
1581 cubic feet WQv = [(A)(Rv)(P)]/12

2.  Compute Curve Number for 1" Storm (Small Storm Hydrology Method, Appendix D.10 of SWM Manual)

P = 1.0 inch
Rv = 0.167 Rv = 0.05 + 0.009(I)
Qa = 0.167 watershed inches Qa=P x Rv

Therefore CN = 85 CN =1000/ [10 + 5P + 10Qa - 10(Qa2 + 1.25QaP)1/2]

3.  Compute Time of Concentration (Tc) for 1" Storm (Using TR-55)

a. Compute Max. Swale Velocity (using max. swale depth)

Mannings Coefficient (n)= 0.035
 Max. Depth = 1.5 ft

Bottom Width = 4 ft
Side Slope = 3 to 1

Longitudinal Slope = 1.5            %
Velocity = 5.01          fps See Flowmaster Worksheet "Trial Swale B"

b. Compute Full Flow Velocity of Culvert
Pipe Type  =circular cmp

Mannings Coefficient = 0.024        
Pipe Size = 18 in.

Velocity = 4.20 fps See Flowmaster Worksheet "Culvert B - Full Flow"

c. Compute Time of Concentration (Tc)
Tc = 0.250 mins See WinTr55 Worksheet "Grass Channel 

Credit - 1 in Storm"

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale B

Drainage Area (A) =

Rainfall Depth (P) =
Water Quality Volume (WQv) =

Runoff Coefficient (Rv) =

Area
Percent Impervious (I) =
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Drainage Areas B1-B3

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale B

4.  Compute Peak Discharge for 1" Storm (Using TR-55 Graphical Peak Discharge)

Curve Number (CN) = 85
Drainage area (A) = 2.61 acres

Time of Conc. (Tc) = 0.250 mins

Therefore Peak Discharge (Qp) =  0.46 cfs See WinTr55 Worksheet "Grass Channel 
Credit - 1 in Storm"

5.  Compute Actual Swale Velocity for 1" Storm

Peak Discharge (Qp) = 0.46 cfs
Mannings Coefficient (n)= 0.15 Mannings (n) solved by trial and error w/ depth (d) in inches

Bottom Width = 4 ft for d<=4" n=0.15 
Side Slope = 3 to 1 for 4"<d<12" n=0.207-0.0145 x d

Longitudinal Slope = 1.5            %

Therefore for 1" Storm:
Actual Depth (d) = 0.23 ft See Flowmaster Worksheet "Actual Swale B - 1 in"

Actual Velocity(Vwq) = 0.42          fps See Flowmaster Worksheet "Actual Swale B - 1 in"

6.  Compute Time of Concentration for 10 yr Storm (Using TR-55)

a. Compute Max. Swale Velocity (using max. swale depth)
Velocity = 5.01          fps See calculation 3.a above

b. Compute Full Flow Velocity of Culvert
Velocity = 4.20          See calculation 3.b above

c. Compute Time of Concentration (Tc)
Tc = 0.250 mins See WinTr55 Worksheet "Grass Channel 

Credit - 10 Yr Storm"

Page 2 of 4



Rummel, Klepper & Kahl, LLP Job No.: 107076-01
3512 Concord Rd
York, PA  17402
Phone: (717) 600-2220 Project: By Date
Fax: (717) 600-2421 Location: Computed raf 01/23/08
www.rkk.com Study Point: Checked

Drainage Areas B1-B3

GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale B

7.  Compute Peak Discharge for 10 yr Storm  (Using TR-55 Graphical Peak Discharge)

Curve Number (CN) = 77
Drainage area (A) = 2.61 acres

Time of Conc. (Tc) = 0.250 mins

Therefore Peak Discharge (Qp) =  8.78 cfs See WinTr55 Worksheet "Grass Channel 
Credit - 10 Yr Storm"

8. Compute Velocity for 10 yr Storm

Peak Discharge (Qp) = 8.78 cfs
Mannings Coefficient (n)= 0.035

Bottom Width = 4 ft
Side Slope = 3 to 1

Longitudinal Slope = 1.5            %

Therefore for 10 Yr. Storm:
Actual Flow Depth (d) = 0.54 ft See Flowmaster Worksheet "Actual Swale B - 10 yr"

Available Swale Depth = 1.50 ft Minimum designed swale depth

Freeboard = 11.5 in Min. required by SWM Manual, Sect. 3.5.2, is 3"

Actual Velocity = 2.87          fps See Flowmaster Worksheet "Actual Swale B - 10 yr"

9. Compute Requirements for Piped Inflow

a. Compute Pretreatment Storage for Piped Inflow
Piped Impervious Area = 0.27         ac.

Pre-treatment Storage Req'd = 98.0         cf 0.1 in. per impervious acre

Pretreatment Storage Volume Calculation by Contour Line Area:
Elevation Avg. Elevation Volume Cum.

Area Area Interval Volume
(FT) (SF) (SF) (FT) (CF) (CF)

11.33 0
12.00 429 215 0.67 144 144

Bottom of Dam Elevation = 11.33       ft
Prop. Weir Crest Elevation = 12.0         ft

Pre-treatment Storage Provided = 144.0       cf
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GRASS CHANNEL CREDIT

Swann Park
Baltimore, MD
Swale B

b. Compute Broad-Crested Weir Coefficient
Slope of upstream weir face = vertical

Slope of downstream face = vertical
Length of weir normal to flow (Ln) = 0.67         ft

approximate head (h) = 0.80         ft
h/Ln ratio = 1.2           

Therefore Weir Coefficient (C) = 3.10         

c. Compute Weir Opening for 10 Yr. Storm
10-Year Peak Discharge (Q) = 8.78 cfs See calculation 7 above

Weir Coefficient (C) = 3.10
Weir Length (L) = 4 ft Equal to stream bottom width

therefore actual Head (H) = 0.79 ft Weir Equation: Q = CLH1.5

Height of Dam above weir crest = 1.25 ft
Available Freeboard = 5.5 in. Min. freeboard req'd = 3"

Flow Area = 3.16 sf for rectangular channel
10-Year Velocity = 2.78 fps

Weir Crest Elevation = 12.00 ft
10-Year Water Surface Elevation = 12.79 ft

Top of Dam Elevation = 13.25 ft

d. Compute Min. Swale Length for 9 minute Residence Time

Design Flow Velocity (Vwq) = 0.42           fps
Min. Channel Length Req'd (L) = 227          ft L=540 x Vwq

Length Provided = 536          ft

K:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale B\Grass Channel Credit - B.xls

Use Actual Velocity from 1" Storm, 
Calculation 5 above.

See "Figure 7 Coefficients of discharge for 
full width, broad-crested weirs with 
downstream slope ≤ 1:1 and various 
upstream slopes" for interpolation of (C) .  
Approximate head (h) here first, then come 
back and revise with actual head (H).  
Repeat procedure until (h) nearly equals 
(H).
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Trial Swale B
Worksheet for Trapezoidal Channel

x:\...\task01-swann\site\swm\swale b\swale b.fm2
01/21/08  11:33:59 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]

Page 1 of 1

Project Description

Worksheet Trial Swale B
Flow Element Trapezoidal Cha
Method Manning's Formu
Solve For Discharge

Input Data

Mannings Coeffic0.035
Channel Slope 0.015 ft/ft
Depth 1.50 ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft

Results

Discharge 63.86 cfs
Flow Area 12.8 ft²
Wetted Perime 13.49 ft
Top Width 13.00 ft
Critical Depth 1.41 ft
Critical Slope 0.019 ft/ft
Velocity 5.01 ft/s
Velocity Head 0.39 ft
Specific Energ 1.89 ft
Froude Numbe 0.89
Flow Type Subcritical



Culvert B - Full Flow
Worksheet for Circular Channel

x:\...\task01-swann\site\swm\swale b\swale b.fm2
01/21/08  11:29:12 AM

Rummel Klepper & Kahl
© Haestad Methods, Inc.    37 Brookside Road    Waterbury, CT 06708 USA    +1-203-755-1666

Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]
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Project Description

Worksheet Culvert B - Full Flo
Flow Element Circular Channel
Method Manning's Formul
Solve For Full Flow Capacity

Input Data

Mannings Coeffic0.024
Channel Slope 0.017 ft/ft
Diameter 18.0 in

Results

Depth 1.50 ft
Discharge 7.42 cfs
Flow Area 1.8 ft²
Wetted Perime 4.71 ft
Top Width 0.00 ft
Critical Depth 1.06 ft
Percent Full 100.0 %
Critical Slope 0.024 ft/ft
Velocity 4.20 ft/s
Velocity Head 0.27 ft
Specific Energy 1.77 ft
Froude Numbe 0.00
Maximum Disc 7.98 cfs
Discharge Full 7.42 cfs
Slope Full 0.017 ft/ft
Flow Type N/A



                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     raf                                    Date:        1/21/2008
Project:  Swann Park                             Units:       English
SubTitle: Grass Channel Credit - 1 in Storm      Areal Units: Acres
State:    Maryland
County:   Baltimore
Filename: X:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale B\TR55 - Grass Channel B - 1 in strm.w5

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Swale B       Beginning to Bay         Outlet          2.61        85    0.250     

Total area: 2.61 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    3.2         4.2         5.1         5.5         6.3         7.1         1.0     

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type II
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 1/21/2008 11:30:56 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       1-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Swale B         0.46

REACHES

OUTLET          0.46

WinTR-55, Version 1.00.08 Page  1 1/21/2008 11:30:56 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Swale B   
  SHEET          100   0.0140     0.150                                    0.188
  SHALLOW        165   0.0150     0.050                                    0.023
  SHALLOW         40   0.0350     0.050                                    0.004
  CHANNEL         40                                            4.200      0.003
  CHANNEL        585                                            5.010      0.032

                                                 Time of Concentration     0.250
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 1/21/2008 11:30:56 AM 



raf                               Swann Park
                       Grass Channel Credit - 1 in Storm
                          Baltimore County, Maryland

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Swale B   CN directly entered by user                 -          2.61        85 

          Total Area / Weighted Curve Number                       2.61       85 
                                                                   ====       ==

WinTR-55, Version 1.00.08 Page  1 1/21/2008 11:30:56 AM 



Actual Swale B - 1 in
Worksheet for Trapezoidal Channel
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Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]
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Project Description

Worksheet Actual Swale B - 1
Flow Element Trapezoidal Chan
Method Manning's Formul
Solve For Channel Depth

Input Data

Mannings Coeffic0.150
Channel Slope 0.015 ft/ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft
Discharge 0.46 cfs

Results

Depth 0.23 ft
Flow Area 1.1 ft²
Wetted Perime 5.48 ft
Top Width 5.41 ft
Critical Depth 0.07 ft
Critical Slope 0.804 ft/ft
Velocity 0.42 ft/s
Velocity Head 0.00 ft
Specific Energ 0.24 ft
Froude Numbe 0.16
Flow Type Subcritical



                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     raf                                    Date:        1/21/2008
Project:  Swann Park                             Units:       English
SubTitle: Grass Channel Credit - 10 Yr Storm     Areal Units: Acres
State:    Maryland
County:   Baltimore
Filename: X:\projects\2007\07076_BCDRP\task01-swann\Site\SWM\Swale B\TR55 - Grass Channel B - 10 yr strm.w

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
Swale B       Beginning to Bay         Outlet          2.61        77    0.250     

Total area: 2.61 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
    3.2         4.2         5.1         5.5         6.3         7.1         1.0     

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Type II
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 1/21/2008 3:23:20 PM 



raf                               Swann Park
                      Grass Channel Credit - 10 Yr Storm
                          Baltimore County, Maryland

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach      10-Yr
Identifier     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
Swale B         8.78

REACHES

OUTLET          8.78

WinTR-55, Version 1.00.08 Page  1 1/21/2008 3:23:20 PM 



raf                               Swann Park
                      Grass Channel Credit - 10 Yr Storm
                          Baltimore County, Maryland

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
Swale B   
  SHEET          100   0.0140     0.150                                    0.188
  SHALLOW        165   0.0150     0.050                                    0.023
  SHALLOW         40   0.0350     0.050                                    0.004
  CHANNEL         40                                            4.200      0.003
  CHANNEL        585                                            5.010      0.032

                                                 Time of Concentration     0.250
                                                                        ========

WinTR-55, Version 1.00.08 Page  1 1/21/2008 3:23:20 PM 



raf                               Swann Park
                      Grass Channel Credit - 10 Yr Storm
                          Baltimore County, Maryland

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
Swale B   Open space; grass cover > 75%       (good)    C          2.27       74 
          Paved parking lots, roofs, driveways          C           .34       98 

          Total Area / Weighted Curve Number                       2.61       77 
                                                                   ====       ==

WinTR-55, Version 1.00.08 Page  1 1/21/2008 3:23:20 PM 



Actual Swale B - 10 yr
Worksheet for Trapezoidal Channel
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Project Engineer: rfilippi
FlowMaster v7.0 [7.0005]
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Project Description

Worksheet Actual Swale B - 10
Flow Element Trapezoidal Chann
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic0.035
Channel Slope 0.015 ft/ft
Left Side Slope 3.00 H : V
Right Side Slope 3.00 H : V
Bottom Width 4.00 ft
Discharge 8.78 cfs

Results

Depth 0.54 ft
Flow Area 3.1 ft²
Wetted Perime 7.43 ft
Top Width 7.26 ft
Critical Depth 0.47 ft
Critical Slope 0.026 ft/ft
Velocity 2.87 ft/s
Velocity Head 0.13 ft
Specific Energ 0.67 ft
Froude Numbe 0.78
Flow Type Subcritical


















